Abstract: This paper analyzes the geography of seat capacity at Spanish airports between 2001 and 2008. Concentration and deconcentration patterns for different markets have been identified. For this purpose, we use the Herfindahl-Hirschman Index (HHI), the Concentration Ratio (CX) and the Lorenz curve. From our analysis, we conclude that seat capacity follows a deconcentration pattern due to the growth of low-cost carriers at small-and medium-sized Spanish airports. This is in line with earlier studies for Europe as a whole. Intercontinental seat capacity still remains very much concentrated in Madrid and, to a lesser extent, in Barcelona. However, new strategies by long-haul airlines bypassing the primary European hubs foster the deconcentration of seat capacity in the Asian and North American markets. In the case of Spain, the recent liberalization of the EU-US market may become an important enabler of such network strategies, e.g., Delta has operated a route from Valencia to New York-JFK since 2009. In other intercontinental markets, capacity is more and more concentrated in Madrid. We highlight the restructuring of Iberia's network as an important factor behind the increasing dominance of Madrid in intercontinental markets.
There has been a flurry of research on the impact of the liberalization of the EU air transport market (e.g., CAA, 1997; Goetz and Graham, 2004; Burghouwt, 2007a) 2 , the development of the European aviation market in general (e.g., EC 2008) and the spatial concentration of air transport supply at the European level (see Bel and Fageda, 2008a; Burghouwt, 2007b; Caves, 1997; Dennis, 1994a) . The number of studies dealing with the specific impact on the Spanish aviation market, one of the largest aviation markets in Europe, has been much more limited. Some studies have looked into the changes in the scheduled flights of the Spanish aviation market (see Rey, 2003a; Rey, 2003b) , behavior of and pricing by Spanish airlines in the new deregulated environment (see Fageda, 2006; Fageda and Fernández-Villadangos, 2009 ), Spanish airport efficiency and management (see Costas-Centivany, 1999; Martín and Román, 2001; Martín-Cejas, 2002; Bel and Fageda, 2007) and geographical efficiency of Spain's airports (see Tapiador et al., 2008 ). An analysis of the changes in the distribution of services throughout the Spanish airport hierarchy and its most important causes has not yet been performed.
Hence, this paper fills a gap in the current scientific literature analyzing the spatial distribution of seat capacity among Spanish airports between 2001 and 2008, broken down by geographical destination market. Our analysis is particularly relevant from the societal perspective since the availability of international air services strongly influences regional economic development (Button et al., 1999; Brueckner, 2003; Leinbach and Bowen, 2004; Green, 2007; Bel and Fageda, 2008b) . In addition, an analysis of changing spatial patterns of air traffic may reveal opportunities and threats for future investments in various types of airport infrastructure in Spain.
This study also contributes to the international debate on the impact of the growth of hub-and-spoke networks (Dennis, 1994b; Button, 2002; Alderighi et al., 2005) , the rise of low-cost carriers (Reynolds-Feighan, 2001; Gillen and Lall, 2004; Warnock-Smith and Potter, 2005; Barbot, 2006) and other airline network strategies on the spatial distribution of air transport supply throughout the airport population (O'Connor, 2003; ; Pitfield, 2007; ; Lohmann, et al., 2009; ; Heracleous and Wirtz, 2009; Huber, 2009 ).
Whereas some researchers find a spatial concentration pattern of air traffic at a few airports as a result of airline hub-and-spoke strategies in deregulated markets (Goetz and Sutton, 1997; Reynolds-Feighan, 1998 , others end up with a more differentiated picture. Burghouwt & Hakfoort (2001) and Burghouwt (2007a) show that intra-European traffic displays a spatial deconcentration pattern due to the growth of regional and low-cost airlines, whereas intercontinental seat capacity is increasingly concentrated at a limited number of large hub airports because of the Abdelghany et al. (2004) for flight delays projecting during irregular operation conditions) or congestion (see Brueckner (2002) for an analysis of carrier behavior to airport congestion and FloresFillol (2010) for congested hubs).
3 A non-stop direct flight is a flight between airport A and airport B without any intermediate stop between origin and destination. A multi-stop flight is a flight between airport A and airport B stopping at C with neither a change of aircraft nor a change of flight number. A multi-stop flight with change of gauge is a flight between airport A and airport B stopping at C with a change of aircraft, but without a change of flight number. 4 An indirect flight is a flight between airport A and airport B stopping at H, with both a change of aircraft and a change of flight number. 5 See Burghouwt et al. (2009) , Veldhuis (2006), IATA, (2000) , Veldhuis (1997) methodologies on the calculation of direct and indirect connectivity levels.
Various concentration and dispersion indices are available to measure the spatial distribution of seat capacity among an airport population, such as the HerfindahlHirschman Index (HHI), the Concentration Ratio (CR), the coefficient of variation, Theil's entropy measure and the Gini index (Reynolds-Feighan, 2001; Burghouwt et al., 2003) . Recently, alternatives to these standard concentration indices have been applied in order to "decode" the spatiality and complexity of air transport networks (Limtanakool et al., 2007; Martín and Voltes-Dorta, 2008; Van Nuffel et al., 2008; Paleari et al., 2010) .
In this paper, standard concentration and dispersion indices are applied. The advantages and disadvantages of the various concentration and dispersion measures have been frequently addressed in the literature, both with respect to applications in the air transport industry (see Reynolds-Feighan, 1998 , for an thorough review) as well as in other areas of transport such as the container shipping industry (Notteboom, 2006; Sys, 2009) . It is acknowledged that such measures do not capture the degree of airline hubbing and do not capture connecting behavior of passengers (Burghouwt and De Wit, 2005; Martín and Voltes-Dorta, 2008; Wojahn 2001) . Since the goal of this paper is to measure the spatial distribution of traffic in an airport population, and because we do not aim to identify hubbing practices of airlines, concentration and dispersion measures are suitable for our analysis.
Herein, we use the commonly applied and straightforward HHI and Concentration Ratio. We note that these concentration measures are particularly useful to identify changes in the extremes of a distribution (Sen, 1976; Allison, 1978) and that we aim to identify the changing role of the larger and smaller Spanish airports. It is well known that the HHI is sensitive to the number of observations in the sample. However, the number of airports in our sample is stable during the period of analysis. Moreover, Wojahn (2001) shows that all concentration and dispersion measures are highly and significantly correlated to each other. It is therefore likely that the use of other measures would reveal similar concentration and dispersion patterns in our analysis.
HHI (Herfindahl, 1950) has traditionally been used in antitrust cases to measure the level of competition and the degree of concentration in a particular market, including the air traffic markets (DoJ and FTC, 1992; Reynolds-Feighan, 2001 ).
Reynolds-Feighan (1998) and Wojahn (2001) introduced HHI as a measure for the spatial distribution of air traffic in the airport population. 6 We derive HHI as follows (1):
where x i is the air traffic at airport i. Here, air traffic refers to the scheduled seat capacity offered at each airport. A non-normalized HHI ranges between 1/n and 1.
Results near 1/n indicate a non-concentrated distribution of the seat capacity among all of the airports, while results near 1 indicate a high concentration of seat capacity. An HHI of 1 indicates dominance by one single airport in that particular market.
Additionally, the Lorenz curve has been used. Since we want to keep the interpretation of the results straightforward, but at the same time acknowledge the role of the two main airports in Spain, our results are supported with the two-firms concentration ratio (C 2 ) to measure the market share of Madrid-Barajas and Barcelona in each geographical market, as well as capacity shares of airport categories. 6 There are similar analyses using these types of concentration indices for other transport sectors; see, for example, Notteboom (2006) for a study of the concentration levels of European and North American container port systems, and Sys (2009) for the degree of concentration linked to the degree of oligopoly in the container shipping industry. 7 Still, it has to be acknowledged that when only one airport is dominant, the C 2 conceals the subservience of the other airport. In order to analyze the contributions of various types of airports to the overall concentration of seat capacity in the Spanish airport system, the 41 airports have been classified into five groups using the natural breaks method and Jenks' optimization (Jenks, 1967) . This method calculates the grouping of data values based on data distribution, seeking to reduce variance within groups and maximize variance between groups. We have used the number of passengers in 2008 to categorize the airport hierarchy.
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 1st-tier airport (1 airport): At the upper-end level, we only find Madrid-Barajas.
This is the only intercontinental airport in Spain having an airline hub operation with a clearly developed wave-system structure. 9 This is the home-base of Iberia, the main Spanish carrier and partner of the Oneworld alliance.
 2nd-tier airports (2 airports): In this group we find airports with more than 20 million passengers annually, but with a smaller portfolio of intercontinental destinations. These airports are home-bases of smaller airlines and low-cost 8 The natural breaks method has been readjusted for the Santiago de Compostela and Murcia airports. These airports have been moved from the 5th-tier to the 4th-tier group because they are not only domestic destinations, but they also offer an important share of low-cost traffic to European destinations. 9 A wave-system structure is a set of integrated connection waves in the airline's flight schedule during the day (Bootsma, 1997) . Ideally, in each wave or bank, each incoming flight connects to each outgoing flight in order to maximize connectivity. 
The Spanish airport system
The Spanish aviation market is one of the largest in Europe. In 2007 the Spanish airports accounted for 21% of the total number of passengers transported by air in Europe (EU-27) (Eurostat, 2009) (Table 2) .
[ Spain is one of the few Western countries with all of its commercial airports managed by a single public company, AENA, which manages both airports and air navigation assistance services 10 .
The seat capacity distribution in the Spanish airport system was highly skewed in 2008. The five largest airports accounted for 65% of total seat capacity. This is in line with the other large European air transport markets. The five largest airports accounted for 78% of total seat capacity in France, 71% in Germany, 64% in the UK and 57% in Italy.
The main airline serving the Spanish airport system is Iberia, which accounted for 25% of total seat capacity and 41% of seat capacity for intercontinental destinations from Spain in 2008; of the latter, 88% corresponds to Madrid-Barajas. From 2004 onwards, Iberia's strategy has been to downsize its network, not only by closing down its secondary hub at Barcelona, but also by concentrating its activity in the intercontinental market (from which it gets higher revenues), the feeder routes and the most profitable routes in each market (Iberia, 2008) . The continuation of this restructuring policy was framed in the 2006-2008 Master Plan of Iberia (Iberia, 2006) .
The Master Plan strategy was to intensify the utilization of the network (fewer destinations and a more intensive use of the aircraft fleet), decrease domestic capacity while increasing the intercontinental share, focus on the Madrid-Barajas hub to Latin America and its feeder operations from Europe. The increasing importance of MadridBarajas in the Iberia network is illustrated in Table 3 . The restructuring of Iberia's network has had important implications for the capacity distribution in the Spanish airport hierarchy, as we will show later on.
[ 
Deconcentration processes
The seat capacity distribution in the Spanish airport hierarchy became more deconcentrated between 2001 and 2008. As Table 1 shows, 1st-and 2nd-tier airports lost capacity share to the benefit of 3rd-, 4th-and 5th-tier airports. This deconcentration process is also confirmed by HHI, C 2 and the Lorenz curve (Tables 4 and 5 , and Figure   2 ). This is particularly true for the domestic, European, North American and Asian destinations. In contrast, the Latin American, Middle Eastern and African markets showed a concentration of seat capacity at a smaller number of airports. Overall, the HHI on the intercontinental market reveal a slight concentration pattern, whereas the European and domestic markets reveal clear deconcentration patterns.
One should note that several airports were responsible for the growth of the seat capacity share of the 3rd, 4th and 5th tiers. In particular, seat capacity increased at major coastal leisure destinations (Girona, Reus, Murcia, La Gomera, Alicante and Valencia), main inland tourist destinations (Granada and Sevilla) and regional capitals (Melilla, León, Santander, Zaragoza, Salamanca and Valladolid). In fact, these airports represent 35% of total seat capacity growth in the whole Spanish airport system between 2001 and 2008.
Low-cost carriers: the main deconcentration engines
The airlines that have contributed most to the growth of seat capacity in the period of study are low-cost carriers (LCCs). Ryanair, which mainly operates from secondary airports, was the primary driving force behind the deconcentration pattern.
The airline accounted for 40% of the growth at the 4th-and 5th-tier airports. This represents 17% of the total seat capacity growth in the whole Spanish airport system. If 
North America: US carriers, engines for deconcentration
11 Ryanair growth at Madrid-Barajas was 2.5% of the total seat capacity growth in the Spanish airport system, which is, in fact, an opposite concentration effect. 12 Although Clickair contributes with 14% of the growth in seat capacity, it should be highlighted that this low-cost carrier subsidiary of Iberia was created as part of Iberia's strategy of hub-building in Madrid-Barajas and de-hubbing in Barcelona, and it has substituted part of Iberia's routes from Barcelona. Table 6 ). Not only has Delta's flight to New York-JFK benefited from the capacity increase, the seasonal flight to Atlanta also became a year-round service. Another Delta's hub-bypassing network strategy has been one of the main engines for deconcentration of intercontinental capacity in the North American market.
Traditionally, intercontinental seat capacity has been strongly concentrated in hub airports, partly because of the restrictive "Bermuda type" bilateral agreements.
However, Delta's intercontinental strategy differs from that of most of the other US DoS, 1989; DoS, 1991a; DoS, 1991b HHI (Table 4) shows a substantial decrease, but this is misleading since the C 2 value is at its maximum level (Table 5) 
Concentration processes
We have shown that the deconcentration process in seat capacity is mainly the result of LCC network strategies and other specific airlines, such as Delta and Singapore Airlines. Now, we shall look at those markets that show a concentration of seat capacity.
Iberia's gateway to Latin America at Madrid-Barajas
In terms of seat capacity, the Latin American market is the most important This airport accounts for 91% of seat capacity to Latin America. Barcelona provides 8%, and 1% is shared among other Spanish airports.
13 Fifth freedom of the air: the right to carry traffic between two foreign countries by an airline of a third country, whose carriage is linked with third-and fourth-freedom rights of the airline (ICAO, 2004) .
The strong position of Iberia in the Latin American market is widely known.
Iberia's capacity to Latin America has always been concentrated at Madrid-Barajas. In Table 7 ).
Middle East: Airlines intensify their operations at Madrid-Barajas
In contrast to the Latin American case, the concentration of seat capacity to Middle East destinations took place not because Barcelona lost seat capacity, but because Madrid-Barajas doubled its seats offered from 2005 to 2008. In 2008, the Middle East was the second most-concentrated intercontinental market in terms of seat capacity (Table 3 ). In 2008, the only airports serving the Middle East market were
Madrid-Barajas (79% of the seats) and Barcelona (21% of the seats); besides these two airports, in 2008 there was also one weekly flight by Kuwait Airways from Málaga during the summer months due to the high-yield origin-destination niche demand that exists between the region of Málaga-Marbella and the Middle East.
Madrid's seat capacity growth has been driven by the intensified operations by 
Africa: A future opportunity?
Apparently, Africa is the intercontinental market with the lowest HHI (0.48). In 2008, the African market was served from 10 Spanish airports, but four airports provided 97% of the seat capacity: Madrid-Barajas (65%), Barcelona (23%), Las Palmas (5%) and Girona (4%). Nevertheless, not all flights to Africa should be considered as being long-haul. In fact, proximity seems to be very important: 48% of the seat capacity from Spain to Africa corresponded to connections with Morocco. If we sum up the seat capacity to Algeria, Tunisia and Egypt, this number rises to 78%. In 2008, seat capacity to sub-Saharan Africa represented only 18% of total capacity and was mostly provided by Iberia from Madrid. Spain is in close proximity to the African continent, and this proximity seems to offer opportunities for Spanish hub carriers to connect the European market with West-African destinations, as Paris-CDG is already doing. Until now, this opportunity has not been fully exploited, possibly because of the lack of a strong local origin-destination market.
Conclusions
In this paper we have discussed the changes in the spatial distribution of seat capacity among Spanish airports. We have shown that, overall, seat capacity tends to From a societal perspective, the observed deconcentration of seat capacity
indicates that more regions in Spain may benefit economically from the growth in the availability of direct air services, mainly to European, but also to some intercontinental, destinations. Availability of (low-cost) air services from more airports allows Spanish consumers to travel directly to a wider range of destinations with lower prices and shorter travel times. In addition, incoming tourism may be stimulated. Still, most intercontinental seat capacity remains highly concentrated at Madrid-Barajas, which will give the region an advantage as a location for international companies. Hence, the results can draw the attention of society and regions to know their position in the world city network (see Witlox, 2005, 2008 for the relevance of mapping world city networks).
In addition, our analysis gives policy makers indications about the underlying We have indicated that empirical research on the spatial concentration and deconcentration patterns in Europe over substantial time periods (1990-2010 ) is still lacking. Further research will examine these long-term changes. In addition, we have looked at the capacity that airlines directly provide from Spanish airports. Thus, followup research should take into account not only the capacity provided on direct flights, but also capacity provided indirectly via hub airports. 4,526,723 4,577,974 4,436,696 4,682,862 3,052,200 3,108,628 3,334,779 3,503,196 
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